Dendritic spines are protrusions that arise on neuronal dendrites. At their enlarged heads, they bear synapses, which are the sites of excitatory synaptic transmission. During development, spines are dynamic and undergo active formation and elimination, thereby contributing to the sculpting of neural networks. In the adult, spines tend to be less dynamic as the spines stabilize and spine elimination is reduced. Spines can undergo structural remodeling and, to a lesser extent, changes in numbers in response to various physiological stimuli and synaptic activity, thereby contributing to the refinement of neural networks ([@bib5]). Long-term potentiation induces spine head enlargement accompanied by selective recruitment of proteins ([@bib4]) and reorganization of the actin cytoskeleton. More recently, it has been suggested that stability of spines tightly correlates with certain forms of learning and memory ([@bib10]; [@bib11]; [@bib8]). Moreover, abnormal spine and synapse structures are often observed in several human diseases, including mental retardations and autisms ([@bib2]), with underlying deficits in learning and memory.

The molecular mechanisms that underlie the ability of selective spines to persist or retain stability have remained unclear. Cell adhesion molecules are potential candidates to mediate this functional role because of their ability to mediate adhesive roles and signal through a variety of intracellular pathways ([@bib3]; [@bib9]). In this issue, Mendez et al. provide support for this idea by showing that N-cadherin, a transsynaptic cell adhesion molecule, regulates activity-mediated stabilization of spines in hippocampal neurons. N-cadherin possesses a single transmembrane domain with an intracellular tail region through which it is associated with a family of proteins, the catenins, that enable it to function in multiple signaling pathways ([@bib1]).

Using long-term imaging of transfected hippocampal neurons, [@bib6] show that overexpression of N-cadherin augments spine stability. Furthermore, knockdown of N-cadherin or expression of a dominant-negative construct of N-cadherin that is deficient in mediating adhesion and can compete for endogenous intracellular N-cadherin--mediated signaling decreases spine stability. The stability of spines that are newly formed is affected. Interestingly, the dominant-negative mutant also prevents the activity-dependent stabilization of new spines and accumulation of PSD-95, a postsynaptic marker, at synapses. The authors then examined the role of N-cadherin in maintaining the stability of preexisting spines using a similar approach and demonstrate that N-cadherin function is required for spines to persist over long periods of time.

The authors further demonstrate that the expression of EGFP--N-cadherin is restricted to some spines and that this expression correlates with the stability of spines. Furthermore, N-cadherin is preferentially recruited to activated synapses. This also raises the interesting question of a role for N-cadherin in synaptic tagging, as has been recently proposed for Homer-1a ([@bib7]). A synaptic tag is a marker that is associated with synapses that have been activated.

At the level of individual synapses, the induction of long-term potentiation promotes the enlargement of the spine head, accompanied by an increase in the stability of spines ([@bib12]; [@bib4]). The expression of the dominant-negative construct of N-cadherin prevents this activity-dependent enlargement of the spine head. Interestingly, this effect is also prevented by the expression of the full-length N-cadherin, suggesting that a physiological level of N-cadherin is critical for its ability to regulate the spine head width. More importantly, it provides evidence for a key role for N-cadherin in activity-dependent spine stabilization ([Fig. 1](#fig1){ref-type="fig"}). Thus, [@bib6] have identified a protein marker that is recruited to synapses in an activity-dependent manner and promotes the stability of activated synapses.

![**N-cadherin promotes dendritic spine stability.** (A) Spines are dynamic and undergo formation and elimination, leading to spine turnover. These spines have relatively small postsynaptic densities and PSD-95 puncta. (B) Synaptic activity promotes the localization of N-cadherin to activated synapses. (C) Activated synapses expressing N-cadherin are stabilized, have large postsynaptic densities, and express large PSD-95 puncta.](JCB_201004022_RGB_Fig1){#fig1}

The work of [@bib6] is clearly an important step forward in our understanding of the molecular mechanisms that underlie activity-dependent spine stability and persistence and should provide interesting leads to understand the molecular mechanisms of learning and memory. Several interesting questions remain. What are the intracellular effectors that allow N-cadherin to mediate its functional role? How does synaptic activity regulate the expression and localization of N-cadherin? Can N-cadherin function as a tag for synapses that persist during the lifetime of the animal? Is selective stabilization of N-cadherin--expressing synapses associated with certain forms of memory? It would be interesting to examine how this functional role of N-cadherin contributes to neural network function and learning and memory. The availability of a mouse model and advanced imaging technologies would surely facilitate progress in this exciting area.
